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To understand fundamental transport properties of
a low-collisionality toroidal plasma with the ergodic re-
gion bounded radially on both sides, we have applied
the drift kinetic equation solver KEATS to ion (proton)
energy transport in the magnetic ﬁeld disturbed by reso-
nant magnetic perturbations (RMPs) under the assump-
tion of neglecting eﬀects of an electric ﬁeld, impurities
and neutrals. Here the perturbed magnetic ﬁeld is given
as B = B0 + δB, the unperturbed magnetic ﬁeld B0 is
the simple tokamak ﬁeld having concentric circular ﬂux
surfaces, the RMPs is δB = ∇ × (αB0), and the func-
tion α is used to represent the structure of the perturbed
magnetic ﬁeld. We have evaluated the ion thermal diﬀu-
sivity as a constant with respect to time from the radial
energy ﬂux given by the guiding centre distribution func-
tion in ﬁve dimensional phase space and have found that
the diﬀusivity depends on both the strength of the RMPs
and the collision frequency.
From the simulation results of KEATS code (the
results of the KEATS computation) illustrated in Fig. 1,
the thermal diﬀusivity in the perturbed magnetic ﬁeld
B = B0 + δB in low-collisionality cases is presumed to
be formulated as
χi r = χNCTi r
{
1 + c˜
(
ω˜
νcol
)γ˜ ⟨∥δBr∥2⟩
Bt2
}
(1)
under the assumption of neglecting an electric ﬁeld. Here
Fig. 1: Ratio of the ion thermal diﬀusivity in the per-
turbed magnetic ﬁeld to the neoclassical thermal diﬀu-
sivity in the simple tokamak. Here n means the density.
χNCTi r = 1.35ϵt1/2Ti/(miΩ 2iθτii) ≈
√ϵt ρ 2iθνcol is the neo-
classical thermal diﬀusivity in the banana regime, and c˜,
ω˜ and γ˜ are unknown parameters. The parameters c˜, ω˜
and γ˜ should be independent of the density ni, then the
parameter γ˜ is evaluated as γ˜ ≈ 1 in Fig. 1.
We should pay attention to the result that the ion
thermal diﬀusivity χi r estimated by the KEATS compu-
tations in the magnetic conﬁguration is extremely small
compared to the one predicted by the theory of ﬁeld-line
diﬀusion (the FLD theory), as shown in Fig. 2. Here the
Fig. 2: Radial proﬁles of ion thermal diﬀusivity.
KEATS: χi r, FLD: χFLDi r , NCT: χNCTi r , C2 simulation:
χC2i r = (1/∆t){C2(t + ∆t) − C2(t)} where C2(t) is the
2nd cumulant of radial displacements of guiding center
orbits starting from r/a = 0.6, t is time and τii is the
ion-ion collision time.
diﬀusivity predicted by the FLD theory, χFLDi r , is given
by
χFLDi r = πqRaxvi th
⟨∥δBr∥2⟩
Bt2
, (2)
where vi th is the ion thermal velocity. The dependence
of χi r on ⟨∥δBr∥2⟩/Bt2 in the KEATS computations has
been expected in the FLD theory. The value of χi r in
Eq. (1), however, is extremely small compared to χFLDi r
given by the FLD theory. The thermal diﬀusivity χi r
also depends on the collision frequency (or the density);
see Fig. 1. The dependence on the collision frequency (or
the density) is not considered in the prediction (2) of the
FLD theory in low-collisionality cases.
These diﬀerences of the thermal diﬀusivity esti-
mated by the KEATS computation from the prediction
of the FLD theory are caused by the matter that the er-
godic region is bounded radially on both sides and is not
suﬃciently broad for observing the eﬀect of the ﬁeld-line
diﬀusion during several collision times.
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